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MANUFACTURING METHOD FOR 
FIELD-EFFECT TRANSISTOR 

This application is a divisional of US. application Ser. 
No. 10/284,275, ?led on Oct. 30, 2002 now US. Pat. No. 
6,737,302. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a ?eld-effect transistor 

such as a thin-?lm transistor and to a manufacturing method 
therefor. Further, the present invention relates to a manu 
facturing method for a display device using the ?eld-effect 
transistors and to a display device manufactured using the 
manufacturing method for the display device. More speci? 
cally, the present invention relates to a ?eld-effect transistor 
such as a thin-?lm transistor having a gate electrode, a 
source electrode, and a drain electrode of the thin-?lm 
transistor simultaneously formed by patterning a same start 
ing ?lm by use of photolithography and to a manufacturing 
method therefor. 

2. Description of the Related Art 
HereinbeloW, an example of a conventional manufactur 

ing procedure for a thin-?lm transistor Will be described. An 
amorphous silicon ?lm is formed on the upper side of a glass 
substrate, the amorphous silicon ?lm is crystallized, and a 
crystalline silicon ?lm is thereby formed. Then, the crystal 
line silicon ?lm is patterned into an island-like crystalline 
silicon ?lm, and a gate insulation ?lm is formed on the 
island-like crystalline silicon ?lm. Subsequently, a conduc 
tive ?lm formed on the gate insulation ?lm is patterned, and 
a gate electrode is thereby formed. Then, using the gate 
electrode as a mask, an impurity is introduced to the 
island-like crystalline silicon ?lm by using an ion doping 
method, and a source region and a drain region are thereby 
formed. Next, a ?rst interlayer insulation ?lm is formed on 
both the gate electrode and the island-like crystalline silicon 
?lm. Then, an opening (contact hole) is formed by perform 
ing patterning on the ?rst interlayer insulation ?lm so as to 
reach the source region and the drain region. Thereafter, a 
conductive ?lm to be connected to the source region and the 
drain region is formed, and the conductive ?lm is then 
patterned. Thereby, a source electrode and a drain electrode 
are formed. The thin-?lm transistor is manufactured accord 
ing to the above-described procedure. The aforementioned 
procedure is Well knoWn (Refer to, for example, a patent 
document 1 beloW). When applying the thin-?lm transistor 
manufactured according to the Well-known art to a pixel 
portion of a display device, a second interlayer insulation 
?lm is formed on both the source electrode and the drain 
electrode, and an opening is formed by performing pattem 
ing so as to reach one of the source electrode and the source 
electrode. In addition, a transparent conductive ?lm is 
formed and patterned, and a pixel electrode is then formed. 

(Patent Document 1) 
Japanese Patent Application Laid-open No. Hei 8-330602 

(FIGS. 1A to 1F; First Embodiment) 
As described above, according to the conventional pro 

cedure; the source electrode and the drain electrode are 
formed after the gate electrode has been formed. That is, 
ordinarily, formation of the gate electrode and formation of 
the source electrode and the drain electrode are separately 
performed. Therefore, in the processes progressed to the 
stage Where the formation of the source electrode and the 
drain electrode is completed, four patterning steps are per 
formed, and four photomasks are used in the patterning 
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2 
steps. To complete the formation of the pixel electrode, tWo 
more patterning steps are performed. That is, in the above 
case, the number of the patterning steps is six, and the 
number of the photomasks used in the patterning steps is 
accordingly six. 
At present, improvements in the throughput (quantity that 

can be processed in a unit time) and the yield (ratio of the 
number of ?nished products to the number of inputs to a 
manufacturing line) are strongly demanded in the ?eld of the 
manufacture of ?eld-effect transistors such as thin-?lm 
transistors and display devices using the ?eld-effect transis 
tors. 

HoWever, in the conventional procedure, since the num 
ber of steps in the conventional procedure is large, the time 
required for the manufacture of ?eld-effect transistors and 
display devices cannot easily be reduced, and it is dif?cult to 
improve the yield. For example, because of shrinkage of a 
substrate or for other causes, a positional offset of a ?ne 
pattern formed in a subsequent patterning step can unex 
pectedly occur. The positional offset of the pattern results in 
the manufacture of defective products as Well as in reduction 
in the yield. For example, in a step of forming an opening 
(contact hole) by performing patterning to form the source 
electrode and the drain electrode, the position of the opening 
is offset from the source region and the drain region Where 
the opening is intended to be provided. 
A case can be in Which even When a positional offset of 

a pattern is caused at one patterning step, the offset is as 
slight as that falling Within an alloWable tolerance, and no 
adverse effects are thereby caused on the operation of a 
?nished display device. HoWever, When a number of pat 
terning steps are repeatedly performed, the slight positional 
offset is enlarged, thereby increasing the probability of 
defective-product occurrence. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the 
above, and an object of the present invention is therefore to 
improve the yield by reducing the number of patterning 
steps and to reduce the manufacturing time by reducing the 
number of photomasks and by reducing the number of 
patterning steps in a Way that incorporates a plurality of 
steps into one step. 
According to the present invention, a surface of a crys 

talline semiconductor is oxidiZed using an oxidiZing Water 
solution, such as oZone Water solution or hydrogen peroxide 
Water solution, and an oxide ?lm is thereby formed. With the 
oxide ?lm being used as an etch stop, the gate electrode, the 
source electrode, and the drain electrode of a ?eld-effect 
transistor are simultaneously formed from a same starting 
?lm. After the gate electrode, the source electrode, and the 
drain electrode have been formed, the electrodes are heated 
at a temperature of 8000 C. or higher for a predetermined 
time in an ambient of an inert gas. In this case, either an 
argon gas or a nitrogen gas is used as the inert gas. 

Further, according to the present invention, there is pro 
vided a manufacturing method for a ?eld-effect transistor, 
comprising: forming a ?rst insulation ?lm on a crystalline 
semiconductor; forming a gate insulation ?lm on a portion 
of the crystalline semiconductor by patterning the ?rst 
insulation ?lm; forming an oxide ?lm by oxidiZing a surface 
of the crystalline semiconductor by using an oxidiZing Water 
solution, such as oZone Water solution or hydrogen peroxide 
Water solution; forming a conductive ?lm on the oxide ?lm 
and the gate insulation ?lm, the conductive ?lm comprising 
a semiconductor ?lm containing an n-type impurity; simul 
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taneously forming a gate electrode, a source electrode, a 
drain electrode by patterning the conductive ?lm; and intro 
ducing an n-type impurity to the crystalline semiconductor 
by using the gate electrode, the source electrode, and the 
drain electrode as masks. In the above stage, the oxide ?lm 
exists betWeen the source electrode and the crystalline 
semiconductor, and betWeen the drain electrode and the 
crystalline semiconductor, the oxide ?lm containing SiO,C 
(0<X<2) and SiO2. Thereafter, the crystalline semiconduc 
tor, the oxide ?lm, the gate insulation ?lm, the gate elec 
trode, the source electrode, and the drain electrode are 
heated in an inert gas ambient, for example, a nitrogen 
ambient, at a temperature of from 800° C. to 1050° C. for a 
time period of from 30 minutes to 4 hours. By the heating, 
the n-type impurity contained in each of the source electrode 
and the drain electrode can be dispersed to the crystalline 
semiconductor, and in addition, the n-type impurity can be 
activated. Concurrently, the heating Works to reduce the 
contact resistance betWeen the source electrode and the 
crystalline semiconductor and the contact resistance 
betWeen the drain electrode and the crystalline semiconduc 
tor. Instead of using the semiconductor ?lm containing the 
n-type impurity, a semiconductor ?lm containing a p-type 
impurity may be used; and instead of introducing the n-type 
impurity to the crystalline semiconductor, the p-type impu 
rity may be introduced thereto. 

According to the present invention, the oxide ?lm, Which 
has been formed such that the surface of the crystalline 
semiconductor is oxidiZed using one of the oxidiZing Water 
solution such as oZone Water solution or hydrogen peroxide 
Water solution, operates as an etch stop at the time of 
simultaneously forming the gate electrode, the source elec 
trode, and the drain electrode from the conductive ?lm. 
Therefore, the crystalline semiconductor is remained 
unetched. OZone and hydrogen peroxide used to form the 
oxide ?lm are Water-soluble and each knoWn as an oxidiZer 
that oxidiZes other materials. The conductive ?lm needs to 
be fonned using a material having a melting point higher 
than the temperature set in the above-described heating. In 
addition, the conductive ?lm may be formed by overlaying 
metal having a melting point of 800° C. or higher on the 
crystalline silicon containing the n-type impurity. The metal 
may be selected from, for example, copper, palladium, 
chromium, cobalt, titanium, molybdenum, niobium, tanta 
lum, and tungsten. Alternatively, the metal may be selected 
from metal silicide substrates such as cobalt silicide, tita 
nium silicide, molybdenum silicide, niobium silicide, tanta 
lum silicide, and tungsten silicide. Still alternatively, the 
conductive ?lm may be formed in combination With a metal 
nitride substance, such as titanium nitride, tantalum nitride, 
or tungsten nitride. 

In the present invention, the crystalline semiconductor is 
one of monocrystalline and polycrystalline semiconductors 
and is not limited to the form of a thin ?lm. When using the 
crystalline semiconductor in the form of a thin ?lm, a 
semiconductor ?lm may be formed on the upper side of the 
substrate, and a crystalline semiconductor ?lm formed by 
crystalliZing the semiconductor ?lm may be used. According 
to the present invention, since the heat treatment is per 
formed at a temperature of from 800° C. to 1050° C., a 
usable substrate is limited to a substrate, such as a quartz 
substrate, a silicon substrate, or a stainless steel substrate, 
Which is not deformable because of the heat treatment. 

The present invention enables the use of such a method as 
described hereunder. Before forming a conductive ?lm for 
the use of forming a gate electrode, a source electrode, and 
a drain electrode, the n-type impurity is introduced to a 
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4 
crystalline semiconductor by using the gate insulation ?lm. 
Then, the gate electrode, the source electrode, and the drain 
electrode are formed. Thereafter, the n-type impurity is 
introduced again to the crystalline semiconductor, and a heat 
treatment is performed at a temperature of from 800° C. to 
1050° C. In this case, a p-type impurity may be introduced 
to the semiconductor instead of the n-type impurity. In 
addition, as a material for forming the conductive ?lm, a 
semiconductor including the n-type impurity or the p-type 
impurity need not alWays be used. 
The above-described manufacturing method for a ?eld 

e?fect transistor may be applied to the manufacture of a 
display device using ?eld-effect transistors manufactured 
according to the manufacturing method. Examples of the 
display device include an active matrix liquid crystal display 
device and an active matrix display device using light 
emitting devices (LEDs). 

According to another aspect of the present invention, a 
?eld-elfect transistor manufactured by using the manufac 
turing method for a ?eld-elfect transistor includes an island 
like crystalline semiconductor ?lm on the upper side of a 
substrate, a gate insulation ?lm formed in a portion of the 
island-like crystalline semiconductor ?lm, a source elec 
trode and a drain electrode formed on the island-like crys 
talline semiconductor ?lm, and a gate electrode formed on 
the gate insulation ?lm, Wherein the island-like crystalline 
semiconductor ?lm includes a source region, a drain region, 
a loW-density impurity region (LDD region), and a channel 
region; and SiO,C (0<X<2) betWeen the source electrode and 
source region and betWeen the drain electrode and the drain 
region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIGS. 1A to IE are cross-sectional vieWs illustrative of a 

?rst embodiment mode according to the present invention; 
FIGS. 2A to 2E are cross-sectional views illustrative of 

the ?rst embodiment mode according to the present inven 
tion; 

FIGS. 3A to 3E are cross-sectional vieWs illustrative of a 
second embodiment mode according to the present inven 
tion; 

FIGS. 4A to 4C are cross-sectional vieWs illustrative of a 
fourth embodiment mode according to the present invention; 

FIGS. 5A to SE are cross-sectional vieWs illustrative of a 
?rst example according to the present invention; 

FIGS. 6A to 6D are cross-sectional vieWs illustrative of 
the ?rst example according to the present invention; 

FIGS. 7A to 7C are cross-sectional vieWs illustrative of 
the ?rst example according to the present invention; 

FIGS. 8A to 8D are cross-sectional vieWs illustrative of a 
second example according to the present invention; 

FIG. 9 is a cross-sectional vieW of a third example 
according to the present invention; and 

FIG. 10A is a cross-sectional vieW of a transistor and FIG. 
10B is a chart shoWing effects of heat treatments according 
to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

(First Embodiment Mode) 
HereinbeloW, a ?rst embodiment mode Will be described 

using FIGS. 1A to IE, 2A to 2E, 10A, and 10B. 
As shoWn in FIG. 1A, a ?rst insulation ?lm 102 is formed 

on a substrate 101 in a range of from 100 nm to 1000 nm. 
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The ?rst insulation ?lm 102 may be any one of a silicon 
oxynitride ?lm formed using a CVD method in Which SiH4 
and NZO are used as source materials, a silicon nitride oxide 
?lm formed using the CVD (chemical vapor deposition) 
method in Which SiH4, N20, and NH3 are used as source 
materials, a silicon oxide ?lm, a nitrogen-containing silicon 
oxide ?lm, and a silicon nitride ?lm. Alternatively, the ?rst 
insulation ?lm 102 may be formed by combining and 
overlaying tWo or more of the aforementioned ?lms. For the 
substrate 101, one of a quartz substrate, a silicon substrate, 
and a stainless steel substrate is used. When the quartz 
substrate is used, the ?rst insulation ?lm 102 need not be 
formed. 

Subsequently, a semiconductor ?lm 103 With a thickness 
of from 30 nm to 80 nm is formed on one of the substrate 
101 and the ?rst insulation ?lm 102. The semiconductor ?lm 
103 may be any one of a silicon ?lm, a germanium ?lm, and 
a ?lm containing silicon and germanium. The less the 
thickness of a semiconductor ?lm in a range of from 30 nm 
to 80 nm, the greater the effects of reducing off-state current 
of a thin-?lm transistor. 

Next, the semiconductor ?lm 103 is crystallized using a 
Well-knoWn method. The semiconductor ?lm 103 may be 
crystallized using any one of solid-phase epitaxy in Which 
heat treatments are performed using an electric fumace, laser 
crystallization in Which gas-laser or solid-state laser light of 
pulse oscillations or continuous oscillations is irradiated, 
and RTA (rapid thermal annealing). In solid-phase epitaxy, 
a method of doping the semiconductor ?lm 103 With an 
element such as nickel for accelerating crystallization of a 
semiconductor ?lm may be used. HoWever, While the 
method is effective since it enables to loWer the heating 
temperature and to reduce the heating time, the nickel 
contained in the semiconductor ?lm 103 needs to be gettered 
and removed as much as possible after crystallization. 
At present, as a method of crystallizing semiconductor 

?lms, laser crystallization is Widely researched. Hereinbe 
loW, lasers to be used for the crystallization Will be described 
in detail. 

Gas lasers that may be used include, for example, an 
excimer laser, an Ar laser, and a Kr laser. Solid-state lasers 
that may be used include, for example, a YAG laser, a glass 
laser, a ruby laser, an alexandrite laser, and a Ti:sapphire 
laser. 

Solid-state lasers to be used include, for example, lasers 
using YAG, YVO4, YLF, and YAlO3 crystals that are doped 
With one of Cr, Nd, Er, Ho, Ce, Co, Ti, or Tm. The 
fundamental of the laser to be used depends on the material 
to be doped, and a laser beam having a fundamental of about 
1 pm can be obtained. The harmonics corresponding to the 
fundamental can be obtained by use of a nonlinear optical 
element. 

To obtain large-diameter crystal in crystallization of the 
semiconductor ?lm, it is preferable that a solid-state laser 
continually oscillatable be used to employ a second har 
monic, a third harmonic, and a fourth harmonic of a funda 
mental. Typically, a second harmonic (532 nm) and a third 
harmonic (355 nm) of NdzYVO4 laser light (fundamental: 
1064 nm) is employed. 

Laser light emitted from an YVO4 laser for generating 
continuous oscillations With a 10 W output is converted by 
a nonlinear optical device into harmonics. Another usable 
method is also available in Which an YVO4 crystal and a 
nonlinear optical device is included in a resonator to emit 
harmonics. Preferably, the optical system is used to perform 
recti?cation into rectangular or ellipsoidal laser light on an 
irradiation surface, and the laser light is thereby radiated to 
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6 
a processing target. In this case, an energy density of about 
0.1 to 100 MW/cm2 (preferably, 0.1 to 10 MW/cm2) is 
necessary. The semiconductor ?lm is relatively moved With 
respect to the laser light at a speed of about 0.5 to 2000 cm/s, 
and is thereby irradiated. 
As shoWn in FIG. 1B, the semiconductor ?lm 103 thus 

crystallized is patterned using photolithography, and an 
island-like crystalline semiconductor ?lm 104 is thereby 
formed. In the patterning, a ?rst photomask is used. 

Subsequently, as shoWn in FIG. 1C, a second insulation 
?lm 105 is formed to a thickness of from 20 nm to 130 nm 
on one of the substrate 101, the ?rst insulation ?lm 102, and 
the crystalline semiconductor ?lm 104. The second insula 
tion ?lm 105 may be any one of a silicon oxynitride ?lm, a 
silicon oxide ?lm, a nitrogen-containing silicon oxide ?lm, 
and a silicon nitride ?lm that are deposited using a CVD 
method in Which SiH4 and N20 are used as source materials. 
Alternatively, the second insulation ?lm 105 may be formed 
by combining and overlapping tWo or more of the afore 
mentioned ?lms. Then, as shoWn in FIG. 1D, the second 
insulation ?lm 105 is patterned using photolithography, a 
portion of the surface of the crystalline semiconductor ?lm 
104 is exposed, and an island-like second insulation ?lm 106 
to be used as a gate insulation ?lm is thereby formed. In the 
patterning, a second photomask is used. Before patterning 
the second insulation ?lm 105, a p-type impurity such as 
boron may be introduced to the entirety of the crystalline 
semiconductor ?lm 104. This is a Well-knoWn technique 
generally called “channel doping”, and the channel doping 
is performed at a later stage to introduce the p-type impurity 
to a portion that is to be used as a channel region. 

Next, native oxides are removed With dilute hydro?uoric 
acid Water solution from the surface of the island-like 
crystalline semiconductor ?lm 104 Whose surface has been 
exposed When forming the second insulation ?lm 106. Then, 
as shoWn in FIG. 1E, the aforementioned surface is oxidized, 
and an oxide ?lm 107 is formed. The oxide ?lm 107 is 
formed by applying an oxidizing Water solution by use of a 
spin coating technique on the surface desired to be oxidized. 
More speci?cally, the substrate 101 on Which at least the 
crystalline semiconductor ?lm 104 and the second insulation 
?lm 106 are formed is rotated. At the same time, ozone (O3) 
Water solution (Which hereinbeloW Will be referred to as 
“ozone Water” in the present speci?cation) is applied to 
continually How to the surface of the crystalline semicon 
ductor ?lm 104 at a room temperature for a time period of 
from 30 seconds to 120 seconds. Ozone is a gas and 
Water-soluble at a normal temperature and a normal pres 
sure, and exhibits great oxidation effects. The Water used as 
a solvent for the ozone Water is deionized Water treated by 
removing ?ne foreign matters and impurities, and the ozone 
Water having a density of from 8 mg/l to 15 mg/l is used. 
Thereafter, the surface is Washed With the deionized Water, 
and the ozone Water is thereby removed from the surface. 
Then, While nitrogen is sprayed, the substrate 101 is rotated, 
and the surface is dried. 
The oxide ?lm 107 thus formed is very thin. Therefore, 

although the precise ?lm thickness cannot easily be mea 
sured, the ?lm 107 is formed Within a range of from 0.7 nm 
to 2.0 nm. Even When the time (processing time) in Which 
the ozone Water ?oWs is varied, no signi?cant changes occur 
in the thickness of the oxide ?lm that is to be formed; and 
in a time of from 30 seconds to 120 seconds, the thickness 
of the oxide ?lm falls in a range of from 0.7 nm to 2.0 nm. 

To analyze the composition of the oxide ?lm by use of the 
ozone Water, a spectrum of Si2p Was measured for an oxide 
?lm formed applying ozone Water having a density of 14 
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mg/l to How to silicon-Wafer surfaces ((100) surfaces) at a 
room temperature for a time period of 60 seconds. The 
analysis Was performed using an analyzer called an “ESCA” 
(electron spectroscopy for chemical analysis) or an “XPS” 
(x-ray photoelectron spectroscopy) that is capable of iden 
tifying a chemical bond condition of elements of a specimen 
surface. The result revealed tWo peaks of binding energy in 
a range of from 96 to 106 eV. The one is a Si4+ peak, and the 
other is a Si peak. Since the Si peak has an oxide ?lm Which 
is small in ?lm thickness, it is detected from the silicon 
Wafer. Since the Si4+ peak includes small peaks of Si“, Si“, 
and Si“, Waveform separation Was performed according to 
Gaussian functions and Lorentz functions. Then, according 
to the peak forms, oxidized condition of silicon Was ana 
lyzed. As a result, With respect to 100% representing the sum 
of Si“, Si“, Si“, and Si“, the ratios Were 8.8% for Si“, 
8.8% for Si“, 6.4% for Si“, and 76.0% for Si“. Si“, Si“, 
and Si3+are referred to as “suboxides”. The suboxide rep 
resents a state Where the silicon did not sufficiently react 
With oxygen and partly remained bonded With silicon. 
Suppose the ratio of Si4+ is 100%, and the ratios of the 
suboxides are each 0%. In this case, it can be determined that 
the oxide ?lm has been su?iciently oxidized and has been 
formed of stable SiO2. The oxide ?lm formed on the surface 
of the silicon Wafer by use of the ozone Water can be 
expressed as a silicon oxide ?lm formed of SiO,C (0<X<2) 
and SiO2. The thickness of the oxide ?lm Was measured by 
an analyzer called a “spectro-ellipsometry”, and found to be 
0.81 nm. 

As a comparison example, the spectrum of Si2p Was 
measured using the ESCA for an oxide ?lm deposited on a 
silicon Wafer by use of a CVD method in Which Si(OC2H5) 
called “TEOS” and 02 are used as source materials. Then, 
analysis Was performed as had been performed for the oxide 
?lm formed using the ozone Water. As a result, With respect 
to 100% representing the sum of Si“, Si“, Si“, and Si“, 
the ratios Were 1.8% for Si“, 0.9% for Si“, 4.6% for Si“, 
and 92.7% for Si“. Thus, the oxide ?lm deposited using the 
CVD method Was found to exhibit a higher ratio of SiO2 
than the oxide ?lm formed using the ozone Water. 

Subsequently, as shoWn in FIG. 2A, a conductive ?lm 108 
is formed overall on the substrate 101 (or on the ?rst 
insulation ?lm 102), the oxide ?lm 107, and the island-like 
second insulation ?lm 106 to a thickness of from 200 nm to 
500 nm. The conductive ?lm 108 is formed by depositing a 
crystalline silicon ?lm containing n-type impurity by use of 
a CVD method in Which the deposition temperature is set to 
5000 C. or higher. The crystalline silicon ?lm thus formed is 
doped With an n-type impurity of 1><109 cm-3 to 5><1021 
cm_3. For example, phosphorous is used as the n-type 
impurity. The conductive ?lm 108 may be multilayered. 
Speci?cally, a ?lm made of a heat-resistant material, such as 
titanium, molybdenum, tungsten, molybdenum silicide, or 
tungsten silicide, may further be formed on the crystalline 
silicon ?lm containing the n-type impurity to impart resis 
tance to the conductive ?lm 108. Further forming a ?lm 
formed of titanium nitride, molybdenum nitride, or tungsten 
nitride betWeen the n-type impurity-containing crystalline 
silicon ?lm and the titanium, molybdenum, or tungsten ?lm 
enables counter-dispersion to be prevented from occurring 
betWeen the crystalline silicon ?lm containing the n-type 
impurity and the ?lm of titanium, molybdenum, or tungsten. 

Next, as shoWn in FIG. 2B, a gate electrode 109, a source 
electrode 110, and a drain electrode 111 are simultaneously 
formed by patterning the conductive ?lm 108 by use of 
photolithography. In this case, the oxide ?lm 107 operates as 
an etch stop, thereby causing the crystalline semiconductor 
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8 
?lm 104 to remain unetched. The above-described pattem 
ing is performed using a-third photomask. 

Subsequently, an n-type impurity such as phosphorous is 
introduced to the crystalline semiconductor ?lm 104. The 
impurity introduction may be performed by an ion implan 
tation method, Which involves mass separation, and an ion 
doping method, Which does not involve mass separation. 
HoWever, the ion doping method also introduces hydrogen 
in addition to the n-type impurity. The introduction is 
performed such that, in the crystalline semiconductor ?lm 
104, the n-type impurity is introduced to ?rst regions cov 
ered by only the oxide ?lm 107 and to second regions 
covered by only the second insulation ?lm 106, Whereas the 
n-type impurity is not introduced to a loWer region of the 
gate electrode 109. As a result, the density of the n-type 
impurity in the second regions is loWer than that in the ?rst 
regions; hence, the second regions refer loW-density impu 
rity regions 112 (LDD regions). The ?rst regions are 
included to portions of a source electrode 113 and a drain 
region 114. A region that is located beloW the gate electrode 
109 and that is sandWiched by the loW-density impurity 
regions 112 (LDD regions) is used as a channel region 115. 
The loW-density impurity regions 112 (LDD regions), the 
source electrode 113, and the drain region 114 can be formed 
With one-time introduction of the n-type impurity. HoWever, 
a case can be considered to occur in Which the density of the 
n-type impurity to be introduced to the ?rst regions becomes 
too loW to form the source region 113 and the drain region 
114. In this case, the n-type impurity needs to separately be 
introduced tWo times. In the ?rst introduction, the loW 
density impurity regions 112 (LDD regions) are formed at a 
high speed and With a low dose so that the n-type impurity 
is introduced to reach a loWer portion of the second insu 
lation ?lm 106. In the second introduction, the source 
electrode 113 and the drain region 114 are formed With a 
high dose at a speed loWer than that in the ?rst introduction. 
The ?rst and second introductions may be performed in the 
reverse order. 

After the n-type impurity has been introduced as 
described above, the oxide ?lm 107 still exists betWeen the 
portion Where the source electrode 110 and the drain elec 
trode 111 are formed and the crystalline semiconductor ?lm 
104. As described above, the thickness of the oxide ?lm 107 
is as small as 0.7 nm to 2.0 nm. HoWever, since high contact 
resistance occurs betWeen individual portions Where the 
source electrode 110 and drain electrode 111 are formed and 
the crystalline semiconductor ?lm 104 is not preferable, the 
oxide ?lm 107 should not remain. The oxide ?lm 107 
becomes unnecessary upon completion of formation of the 
gate electrode 109, the source electrode 110, and the drain 
electrode 111. Therefore, even in a case Where oxygen is 
desorbed from the oxide ?lm 107, and the oxide ?lm 107 is 
thereby changed to a ?lm in Which a number of lattice 
defects have been developed and Which no longer has the 
feature of a ?lm, the case is preferable, and no care needs to 
be taken. 

In vieW of the situation described above, the contact 
resistance betWeen the source electrode 110 and drain elec 
trode 111 and the crystalline semiconductor ?lm 104 is 
reduced to improve the electric conductivity. To achieve the 
improvement, at least the crystalline semiconductor ?lm 
104, the oxide ?lm 107, the source electrode 110, and the 
drain electrode 111 are heated at a temperature of from 8000 
C. to 10500 C. in a nitrogen ambient. The heat-treatment 
ambient is not limited to the nitrogen ambient, and any other 
inert gas ambients may be used. The heating time is set to a 
range of from 30 minutes to 4 hours. When the heating 
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temperature is set to 800° C., the heating time is preferably 
in a range of from 2 to 4 hours. When the heating tempera 
ture is set to 950° C., the heating time may be about 30 
minutes. The heating temperature should not unnecessarily 
be increased to improve the throughput. The upper limit of 
the heating temperature is determined depending on the type 
of the substrate 101, the material for forming the conductive 
?lm 108, and the heating means. In a con?guration including 
a stainless steel used for the substrate 101, care needs to be 
given to a case Where antibrittleness and anticorrosion 
properties of the stainless steel can deteriorate depending on 
the heating temperature and the heating time. 
When heating has been performed at the aforementioned 

temperature range, i.e., a temperature of from 800 to 1050° 
C., the oxide ?lm 107 changes in characteristics so that it no 
longer functions as an etch stop. In addition, damage caused 
in the crystalline semiconductor ?lm 104 during the intro 
duction of the n-type impurity is recti?ed. Further, crystal 
linity can be increased for amorphous portions and for 
regions insufficiently crystalliZed during the crystallization 
of the semiconductor ?lm 103, thereby, phosphorous con 
tained in the source electrode 110 and the drain electrode 111 
is dispersed into the crystalline semiconductor ?lm 104. The 
dispersion Works to form phosphorous-introduced impurity 
regions also in regions beloW the source electrode 110 and 
the drain electrode 111 of the crystalline semiconductor ?lm 
104. Consequently, the phosphorous-introduced impurity 
regions and the ?rst regions are combined, and the source 
electrode 113 and the drain region 114 are thereby formed. 

The present inventors consider reasons for the change in 
the characteristics of the oxide ?lm 107, as described 
hereunder. Since heating performed at a temperature of from 
800° C. to 1050° C. disables the oxide ?lm 107 to function 
as an etch stop, oxygen is desorbed from the oxide ?lm 107, 
SiO,C (0<X§2) composing the oxide ?lm 107 is reduced in 
the value of “X”, and even the case of “XIO” is therefore 
incorporated thereinto. For this reason, the n-type impurity 
is prone to dispersing, thereby improving the electrical 
conductivity betWeen the source electrode 110 and drain 
electrode 111 and the crystalline semiconductor ?lm 104. 

Experiments Were performed to clarify that the contact 
resistance varies according to the heat treatment. First, an 
example Was prepared for measuring the contact resistance, 
of Which a cross section is shoWn in FIG. 10A. Referring to 
FIG. 10A, numeral 1001 denotes a quartz substrate, numeral 
1002 denotes an island-like crystalline silicon ?lm contain 
ing phosphorous, numeral 1003 denotes an oxide ?lm, and 
numeral 1004 denotes an electrode. The oxide ?lm 1003 Was 
formed by oxidiZing the surface of the crystalline silicon 
?lm 1002 in a process using oZone Water. The electrode 1004 
is formed by sequentially laminating a phosphorous-con 
taining crystalline silicon ?lm 1005, a tungsten nitride ?lm 
1006, and a tungsten ?lm 1007. The actual resistance 
measurement example Was formed to include continually 
formed 1,000 portions in each of Which the crystalline 
silicon ?lm 1002 is covered With the electrode 1004 (portion 
Where the crystalline silicon ?lm 1002 and the electrode 
1004 are formed adjacent to each other via the oxide ?lm 
1003). FIG. 10A shoWs only a portion of the cross section of 
the example. 

FIG. 10B shoWs plotted results of contact-resistance 
measurements performed for the example prepared as 
described above for eight points under tWo different condi 
tions respectively, namely, condition 1 and condition 2. The 
condition 1 represents a case Where heat treatment Was 
performed at a temperature of 950° C. for a time period of 
30 minutes, and the condition 2 represents a case Where the 
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10 
heat treatment Was not performed. The contact resistances 
are in a range of from 1><105 Q to 1><106 Q under the 
condition 1, the contact resistances are in a range of from 
1><10 Q to 1><10l3 Q under the condition 2. According to the 
results, the contact resistances and variations in the eight 
point contact resistances under the condition 1, in Which the 
heat treatment Was performed, are less than those under the 
condition 2, in Which the heat treatment Was not performed. 
Thus, the results shoW effects of the heat treatment. As 
described above, since the actual resistance-measurement 
example Was formed to include continually formed 1,000 
portions in each of Which the crystalline silicon ?lm 1002 is 
covered With the electrode 1004, the results can be consid 
ered to represent the resistances of series-connected 1,000 
stages. Therefore, it should be noticed that the contact 
resistance of one portion Where the crystalline silicon ?lm 
1002 is covered With the electrode 1004 corresponds to 
1/1000 of the, value shoWn in FIG. 10B. Accordingly, the 
contact resistance of one portion Where the crystalline 
silicon ?lm 1002 is covered With the electrode 1004 is in a 
range of from 1><102 Q to 1><103 Q under the condition 1, and 
is in a range of from 1><105 Q to 1><101O Q under the 
condition 2. 

Next, as shoWn in FIG. 2C, a third insulation ?lm 116 is 
formed to a thickness of from 100 nm to 1000 nm. The third 
insulation ?lm 116 may be any one of a silicon oxynitride 
?lm, a silicon nitride oxide ?lm, silicon oxide ?lm, a 
nitrogen-contained silicon oxide ?lm, and silicon nitride, 
?lm. The aforementioned silicon oxynitride ?lm is deposited 
using a CVD method in Which SiH4 and N20 are used as 
source materials; and the aforementioned silicon nitride 
oxide ?lm is deposited using a CVD method in Which SiH4, 
N20, and NH3 are used as source materials. Alternatively, 
the third insulation ?lm 116 may be formed by combining 
and overlaying tWo or more of the aforementioned ?lms. 
Thereafter, the crystalline semiconductor ?lm 104, the gate 
electrode 109, the source electrode 110, and the drain 
electrode 111 are heated at a temperature of from 800° C. to 
1050° C. in a nitrogen ambient for a time period of from 30 
minutes to 2 hours to cause the n-type impurity contained in 
the ?lms to be active. In this case, the nitrogen ambient may 
contain hydrogen and after the heat treatment in the nitrogen 
ambient, the ?lms may be heated in an ambient containing 
nitrogen and hydrogen for about one hour. When the n-type 
impurity has su?iciently been activated by the heat treatment 
performed at a temperature of from 800° C. to 1050° C. to 
change the characteristics of the oxide ?lm 107, the heat 
treatment in the nitrogen ambient for activating the n-type 
impurity may be omitted. Further, instead of performing the 
heat treatment in a nitrogen ambient at a temperature of from 
800° C. to 1050° C. for a time period of from 30 minutes to 
4 hours before the third insulation ?lm 116 is formed, a heat 
treatment may be performed in a nitrogen ambient at a 
temperature of from 800° C. to 1050° C. for a time period 
of from 30 minutes to 4 hours after the third insulation ?lm 
116 has been formed. In this case, the third insulation ?lm 
116 operates as a passivation ?lm during the heat treatment. 

Subsequently, as shoWn in FIG. 2D, a fourth insulation 
?lm 117 is formed on the third insulation ?lm 116 to obtain 
a planar surface. The fourth insulation ?lm 117 may be 
formed using an organic resin, such as a polyimide resin, an 
acrylic resin, or benZocyclobutene (BCB). Alternatively, the 
insulation ?lm 117 may be formed using a silicon oxide ?lm 
formed by using a coating technique called “SOG tech 
nique” (spin-on-glass technique). Still alternatively, the 
fourth insulation ?lm 117 may be formed by polishing a 
surface of an inorganic insulation ?lm such as a silicon oxide 
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?lm by use of a Well-knoWn chemical-mechanical polishing 
(CMP) technique. Then, the third insulation ?lm 116 and the 
fourth insulation ?lm 117 are patterned using photolithog 
raphy, and an opening 118 is formed to reach the drain 
electrode 111 (or the source electrode 110). The patterning 
uses a fourth photomask. 

Next, as shoWn in FIG. 2E, after a transparent conductive 
?lm is formed overall on the fourth insulation ?lm 117 to a 
thickness of from 50 nm to 150 nm, a pixel electrode 119 is 
formed by performing patterning according to Well-knoWn 
photolithography. The transparent conductive ?lm may be 
formed of any one of tin oxide, a compound called “indium 
tin oxide (ITO)” made of indium oxide and tin oxide, and a 
compound of indium oxide and Zinc oxide. The aforemen 
tioned patterning uses a ?fth photomask. 
As described above, in the present embodiment mode, 

three patterning steps are performed in the processing to 
complete formation of the source electrode 110 and the drain 
electrode 111, and three photomasks are used during the 
processing. HoWever, in the processing described in Section 
“Description of the Related Art” of this document, four 
patterning steps are performed in the processing to complete 
the formation of the source electrode and the drain electrode, 
and four photomasks are used during the processing. Thus, 
compared to the related art, in the present embodiment 
mode, the patterning steps can be reduced by one step, and 
the photomasks can be reduced by one piece. In addition, the 
present embodiment mode has advantages described here 
under since the gate electrode 109, source electrode 110, and 
the drain electrode 111 are simultaneously formed using 
only one photomask. The present embodiment mode enables 
the interface pitch betWeen the gate electrode 109 and the 
source electrode 110 and the interface pitch betWeen the gate 
electrode 109 and the drain electrode 111 to easily be 
modi?ed. The minimum value of each of the interface 
pitches is determined by design rules, and the interface pitch 
may be reduced as much as the design rules permit, Without 
considering margins. Thus, the transistor siZe can be reduced 
to enhance the integration density of the transistor. In 
addition, the present invention enables the area of a portion 
Where the source electrode 113 is covered With the source 
electrode 110 and the area of a portion Where the drain 
region 114 is covered With the drain electrode 111 to easily 
be modi?ed so that optimal electrical characteristics can be 
obtained. 

(Second Embodiment Mode) 
The ?rst embodiment mode uses the crystalline silicon 

?lm containing the n-type impurity for the conductive ?lm 
108 that is used to form the gate electrode 109, the source 
electrode 110, and the drain electrode 111. HoWever, in the 
present embodiment mode, a crystalline silicon ?lm con 
taining n-type impurity needs not be used for a conductive 
?lm. The present embodiment mode is dissimilar to the ?rst 
embodiment mode in that the second insulation ?lm 106 is 
used as a mask to introduce either n-type impurity or p-type 
impurity to the crystalline semiconductor ?lm 104 before the 
conductive ?lm 108 is formed. Processes corresponding 
those shoWn to FIGS. 1A to ID are common to those in the 
?rst embodiment mode of the present invention. Thus, only 
processes subsequent to the process corresponding to that 
shoWn FIG. ID will be described hereunder With reference 
to FIGS. 3A to 3E. 

After completion of the forming processes to the stage 
shoWn in FIG. 1D, the n-type impurity such as phosphorous 
is introduced to the crystalline semiconductor ?lm 104 by 
use of the island-like second insulation ?lm 106 as a mask. 
The n-type impurity is not introduced to a portion covered 
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With the second insulation ?lm 106, and the impurity is 
introduced to a portion not covered by the second insulation 
?lm 106. Then, a source region 313 and a drain region 314 
are formed. The introduction of the n-type impurity may be 
performed by any one of an ion implantation method that 
involves mass separation and an ion doping method that 
does not involve mass separation. In the present embodi 
ment mode, instead of the n-type impurity, a p-type impurity 
such as boron may be used. Thereafter, as shoWn in FIG. 3A, 
an oxide ?lm 307 is formed in the same methods as those in 
the ?rst embodiment mode of the present invention. 

Subsequently, as shoWn in FIG. 3A, a conductive ?lm 308 
is formed overall on the substrate 101 or the ?rst insulation 
?lm 102, the oxide ?lm 307, and the island-like second 
insulation ?lm 106 to a thickness of from 200 nm to 500 nm. 
The conductive ?lm 308 may be formed of any one of, for 
example, copper, palladium, chromium, cobalt, titanium, 
molybdenum, niobium, tantalum, and tungsten. Still alter 
natively, the conductive ?lm 308 may be formed in combi 
nation With, for example, titanium nitride, tantalum nitride, 
tungsten nitride, cobalt silicide, titanium silicide, molybde 
num silicide, niobium silicide, tantalum silicide, or tungsten 
silicide. In addition, similarly to the ?rst embodiment mode, 
crystalline silicon containing the n-type impurity may be 
used as at least a portion of materials composing the 
conductive ?lm 308. 

Next, as shoWn in FIG. 3B, a gate electrode 309, a source 
electrode 310, and a drain electrode 311 are simultaneously 
formed by patterning the conductive ?lm 308 by use of 
photolithography. In this case, the oxide ?lm 307 operates as 
an etch stop, thereby causing the crystalline semiconductor 
?lm 104 to remain unetched. 

Subsequently, an n-type impurity such as phosphorous is 
introduced again to a region covered only by the second 
insulation ?lm 106 in the crystalline semiconductor ?lm 104 
to thereby form loW-density impurity regions 312 (LDD 
regions). The density of the n-type impurity in the loW 
density impurity regions 312 (LDD regions) is loWer than 
that in the source region 313 and the drain region 314. A 
region that is beloW the gate electrode 309 and sandWiched 
by the loW-density impurity regions 312 (LDD regions) is 
not doped With the n-type impurity, and is used as a channel 
region 315. Instead of the n-type impurity, p-type impurity 
may be used. Then, at least the crystalline semiconductor 
?lm 104, the oxide ?lm 307, the source electrode 310, and 
the drain electrode 311 are heated at a temperature of from 
800° C. to 10500 C. for a time period of from 30 minutes to 
4 hours in a nitrogen ambient. The heating ambient is not 
limited to the nitrogen ambient, but any other inert gas 
ambients may be used. The above-described heating Works 
to reduce the contact resistance betWeen the source electrode 
310 and the source region 313 as Well as the contact 
resistance betWeen the drain electrode 311 and the drain 
region 314. 

Next, as shoWn in FIG. 3C, a third insulation ?lm 316 is 
formed to a thickness of from 100 nm to 1000 nm. The third 
insulation ?lm 316 may be any one of a silicon oxynitride 
?lm, a silicon nitride oxide ?lm, silicon oxide ?lm, and 
silicon nitride ?lm. The aforementioned silicon oxynitride 
?lm is deposited using a CVD method in Which SiH4 and 
NZO are used as source materials; and the aforementioned 
silicon nitride oxide ?lm is deposited using a CVD method 
in Which SiH4, N20, and NH3 are used as source materials. 
Alternatively, the third insulation ?lm 316 may be formed by 
combining and overlaying tWo or more of the aforemen 
tioned ?lms. Further, as described above, the heat treatment 
in the nitrogen ambient at a temperature of from 800° C. to 
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10500 C. for a time period of from 30 minutes to 4 hours 
before the third insulation ?lm 316 is performed. Instead of 
the heat treatment, hoWever, a heat treatment may instead be 
performed in a nitrogen ambient at a temperature of from 
8000 C. to 10500 C. for a time period of from 30 minutes to 
4 hours after the third insulation ?lm 316 has been formed. 

Subsequently, as shoWn in FIG. 3D, a fourth insulation 
?lm 317 having a thickness of from 1000 nm to 4000 nm is 
formed on the third insulation ?lm 316 to obtain a planar 
surface. The fourth insulation ?lm 317 may be formed using 
an organic resin, such as a polyimide resin, an acrylic resin, 
or benZocyclobutene (BCB). Alternatively, the ?lm 317 may 
be formed using a silicon oxide ?lm formed using a coating 
technique called a “SOG technique”. Then, the third insu 
lation ?lm 316 and the fourth insulation ?lm 317 are 
patterned using photolithography, and an opening 318 is 
formed to reach the drain electrode 311 (or the source 
electrode 310). 

Next, as shoWn in FIG. 3E, after a transparent conductive 
?lm is formed overall on the fourth insulation ?lm 317, a 
pixel electrode 319 is formed by performing patterning 
according to Well-knoWn photolithography. The transparent 
conductive ?lm may be formed of any one of tin oxide, a 
compound called “indium tin oxide (ITO)” made of indium 
oxide and tin oxide, and a compound of indium oxide and 
Zinc oxide. 
As described above, similarly to the ?rst embodiment 

mode of the present invention, in the present embodiment 
mode, three patterning steps are performed in the processing 
to complete formation of the source electrode 310 and the 
drain electrode 311, and three photomasks are used during 
the processing. Thus, according to the present embodiment 
mode, compared to the conventional art, the patterning steps 
can be reduced by one step and the photomasks can be 
reduced by one piece. In addition, the present embodiment 
mode has advantages described hereunder since the gate 
electrode 309, source electrode 310, and the drain electrode 
311 are simultaneously formed using only one photomask. 
The present embodiment mode enables the interface pitch 
betWeen the gate electrode 309 and the source electrode 310 
and the interface pitch betWeen the gate electrode 309 and 
the drain electrode 311 to easily be modi?ed. Thus, the 
transistor siZe can be reduced to enhance the integration 
density of the transistor. In addition, the present invention 
enables the area Where the source electrode 313 is covered 
With the source electrode 310 and the area Where the drain 
region 314 is covered With the drain electrode 311 to easily 
be modi?ed, so that optimal electrical characteristics can be 
obtained. 

(Third Embodiment Mode) 
As described above, in the ?rst embodiment mode of the 

present invention, the oZone Water is used to form the oxide 
?lm 107. HoWever, in a third embodiment mode, Water 
solution of hydrogen peroxide (H202) (Which hereinbeloW 
Will be referred to as “hydrogen peroxide Water” in the 
present speci?cation) is used for the ?lm formation. Here 
inbeloW, the present embodiment mode Will be described 
only for matters dissimilar to the ?rst embodiment mode. 

The substrate 101 on Which at least the crystalline semi 
conductor ?lm 104 and the second insulation ?lm 106 are 
formed is rotated. During the rotation, hydrogen peroxide 
Water of a room temperature or a temperature of 80° C. is 
applied so as to continually How to the surface of the 
crystalline semiconductor ?lm 104 for a time period of from 
30 seconds to 600 seconds. For the hydrogen peroxide Water, 
hydrogen peroxide Water solution having a density of from 
30 Wt % to 35 Wt % (31 Wt % for example) is used. 
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Hydrogen peroxide is liquid and Water-soluble at a normal 
temperature and a normal pressure, and exhibits oxidation 
effects. As in the case of the oZone Water, the deioniZed 
Water is used as a solvent. 
As in the ?rst embodiment mode, also the oxide ?lm 

formed in the present embodiment mode is very thin. 
Therefore, although the precise ?lm thickness cannot easily 
be measured, the ?lm is formed Within a range of from 0.7 
nm to 1.5 nm When processed in the room temperature or 
Within a range of from 1.0 nm to 2.0 nm When processed at 
a temperature of 80° C. Even When the time (processing 
time) in Which the hydrogen peroxide Water ?oWs changes, 
no signi?cant variations occur in the thickness of the oxide 
?lm that is to be formed. 

Subsequent processes are similar to those in the ?rst 
embodiment mode of present invention. HoWever, as 
described in the second embodiment mode, the conductive 
?lm 108 is formed of any one of, for example, copper, 
palladium, chromium, cobalt, titanium, molybdenum, nio 
bium, tantalum, and tungsten. Further, the conductive ?lm 
108 is combined With, for example, titanium nitride, tanta 
lum nitride, tungsten nitride, cobalt silicide, titanium sili 
cide, molybdenum silicide, niobium silicide, tantalum sili 
cide, or tungsten silicide. In this case, the crystalline silicon 
?lm containing the n-type impurity need not be used, and 
processes may be performed according to the processes in 
the second embodiment mode. 

(Fourth Embodiment Mode) 
As described above, in the ?rst embodiment mode of the 

present invention, the ?rst insulation ?lm 102 is formed on 
the substrate 101. HoWever, in a fourth embodiment mode, 
a light-shielding ?lm is provided betWeen the substrate 101 
and the ?rst insulation ?lm 102. HereinbeloW, referring to 
FIGS. 4A to 4C, the present embodiment mode Will be 
described only for matters dissimilar to the ?rst embodiment 
mode. 
As shoWn in FIG. 4A, a light shield ?lm 400 is formed to 

a thickness of from 100 nm to 300 nm on the substrate 101. 

The light-shielding ?lm 400 is formed to prevent the crys 
talline semiconductor ?lm 104, Which Will be formed later, 
from being irradiated. The light-shielding ?lm 400 is pat 
terned and formed in an island shape so as to overlap at least 
the channel region of the crystalline semiconductor ?lm 104. 
The light-shielding ?lm 400 may be formed using, for 
example, one of chromium, tungsten, molybdenum, nio 
bium, tantalum, titanium, titanium silicide, molybdenum 
silicide, niobium silicide, tantalum silicide, and tungsten 
silicide ?lms. Alternatively, the light-shielding ?lm 400 may 
be formed in a so-called polyside structure, Which is formed 
by laminating a metal silicide ?lm such as a tungsten silicide 
?lm on a crystalline silicon ?lm containing n-type impurity. 
When the light-shielding ?lm 400 is formed of a conductive 
?lm, it can be used to function as a gate electrode. 

Next, as in the ?rst embodiment mode, as shoWn in FIG. 
4B, the ?rst insulation ?lm 102, the island-like crystalline 
semiconductor ?lm 104, and the second insulation ?lm 105 
are formed. Then, a p-type impurity for channel doping is 
introduced to the crystalline semiconductor ?lm 104. In the 
process of forming the ?rst insulation ?lm 102, the ?rst 
insulation ?lm 102 may be formed to a thickness greater 
than that of the light-shielding ?lm 400, and the surface of 
the ?rst insulation ?lm 102 may be polished to be levelled 
by using the Well-knoWn chemical-mechanical polishing 
(CMP) technique. 

Subsequently, as shoWn in FIG. 4C, the second insulation 
?lm 105 and the ?rst insulation ?lm 102 are patterned using 
photolithography, and an opening 401 is formed. The open 
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ing 401 is formed to electrically connect a gate electrode 109 
Which Will be formed later and the light-shielding ?lm 400; 
the opening is not provided to the crystalline semiconductor 
?lm 104. When the light-shielding ?lm 400 is not conduc 
tive, the opening 401 is not provided thereto. Next, the 
second insulation ?lm 105 is patterned using photolithog 
raphy, and an island-like second insulation ?lm 106 is 
thereby formed. 

Subsequent processes are similar to those in the ?rst 
embodiment mode of present invention, that is, the pro 
cesses may be performed as shoWn in FIGS. 1E and 2A to 
2E. HoWever, to form the oxide ?lm 107, the hydrogen 
peroxide Water as described in the third embodiment mode 
may be used. In addition, the conductive ?lm 108 needs to 
be formed to completely ?ll up the opening 401. As 
described in the second embodiment mode, the conductive 
?lm 108 is formed of any one of, for example, copper, 
palladium, chromium, cobalt, titanium, molybdenum, nio 
bium, tantalum, and tungsten. Further, the conductive ?lm 
108 is combined With, for example, titanium nitride, tanta 
lum nitride, tungsten nitride, cobalt silicide, titanium sili 
cide, molybdenum silicide, niobium silicide, tantalum sili 
cide, or tungsten silicide. In this case, the crystalline silicon 
?lm containing the n-type impurity need not be used, and 
processes may be performed according to the processes in 
the second embodiment mode. 

HereinbeloW, further practical embodiments relative to 
the embodiment modes of the present invention Will be 
described. 

(First Embodiment) 
In a ?rst embodiment, a manufacturing method for an 

active matrix liquid crystal display device (AMLCD) 
employing the ?rst and fourth embodiment modes of the 
present invention Will be described With reference to FIGS. 
5A to SE, 6A to 6E, and 7A to 7C. First, as shoWn in FIG. 
5A, a crystalline silicon ?lm and a tungsten silicide ?lm are 
formed on a quartz substrate 501 by Well-knoWn techniques. 
In the present embodiment, the crystalline silicon ?lm is 
formed according to an LPCVD method in Which SiH4 and 
PH3 are used as source materials, and the deposition tem 
perature is set to 600° C. Then, a target formed of tungsten 
and silicon is sputtered With argon ions, and the tungsten 
silicide ?lm is thereby formed on the crystalline silicon ?lm. 
The tungsten silicide ?lm may be formed by other tech 
niques, such as a CVD method using WF6 and SiH2Cl2 as 
source materials. Then, the crystalline silicon ?lm and the 
tungsten silicide ?lm are patterned using photolithography, 
and a ?rst light-shielding ?lm 502 is thereby formed. 

Subsequently, as shoWn in FIG. 5B, a silicon oxynitride 
?lm 503 is formed on the ?rst light-shielding ?lm 502 
according to a plasma CVD method using SiH4 and N20 as 
source materials. Further, a silicon oxide ?lm 504 is formed 
on the ?rst light-shielding ?lm 502 by using an LPCVD 
method in Which the deposition temperature is set to 800° C., 
and a reaction chamber is maintained in decompressed state. 
The silicon oxynitride ?lm 503 is formed to prevent an 
LPCVD system, Which is to be used to subsequently form 
the silicon oxide ?lm 504, from being contaminated by 
materials forming the ?rst light-shielding ?lm 502. There 
fore, if no probability exists that the LPCVD system is 
contaminated, the silicon oxynitride ?lm 503 need not be 
formed. The silicon oxynitride ?lm 503 and the silicon oxide 
?lm 504 correspond to the ?rst insulation ?lm 102 in the ?rst 
and fourth embodiment modes, respectively. Subsequently, a 
silicon ?lm 505 is formed by an LPCVD method on the 
silicon oxide ?lm 504. 
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16 
Next, the quartz substrate 501 is rotated, While being 

coated With solution containing nickel as an element accel 
erates crystallization of silicon ?lms, speci?cally, nickel 
acetate solution in the present embodiment by using a spin 
coating technique. Then, While the quartz substrate 501 is 
rotated, an excessive amount of the nickel acetate solution is 
removed to dry the substrate. Subsequently, heat treatment is 
conducted using an electric furnace at a temperature of 450° 
C. for one hour to cause hydrogen contained in the silicon 
?lm 505 to be released. In addition, heat treatment is 
conducted using an electric furnace at a temperature of 600° 
C. for 12 hours to cause the silicon ?lm 505 to be crystal 
lized. 
As an alternative method of crystallizing the silicon ?lm 

505, the method described hereunder may be used. Solid 
state laser light formed in a rectangular form (second 
harmonic (532 nm) of an NdzYVO4 laser) is irradiated to the 
silicon ?lm 505. The light having a 532 nm Wavelength has 
a characteristic in that it is not substantially absorbed into the 
quartz substrate 501, While it is absorbed into the silicon ?lm 
505. Therefore, the time required for crystallization of a 
silicon ?lm can be more reduced by using laser irradiation 
than by heating the ?lm in an electric fumace. In this case, 
the step of applying the nickel-contained solution as Well as 
a gettering step described beloW can be omitted from the 
manufacturing procedure. 

Subsequently, nickel contained in the crystallized silicon 
?lm 505 needs to be gettered to thereby be removed. First, 
a silicon oxide ?lm is formed on the crystallized silicon ?lm 
505 by using an LPCVD method in Which the deposition 
temperature is set to 400° C. Then, the ?lm thus formed is 
patterned using photolithography, and a mask 506 as shoWn 
in FIG. 5C is thereby formed. The mask 506 is formed to 
introduce phosphorous to only a portion of the crystallized 
silicon ?lm 505. 

Next, phosphorous is introduced from the mask 506 to the 
crystallized silicon ?lm 505 according to an ion-doping 
method under a condition of 10 kV and 2><10l5 cm_2. As a 
result, the phosphorous is introduced to a region 507. 
Thereafter, upon heating of the crystallized silicon ?lm 505 
at a temperature of 700° C. for 12 hours in a nitrogen 
ambient, nickel in the crystallized silicon ?lm 505 transfers 
to the region 507. 

Subsequently, as shoWn in FIG. 5D, the mask 506 is 
etched and removed, and in addition, the crystallized silicon 
?lm 505 is patterned using photolithography. Thereby, an 
island-like crystalline silicon ?lm 508 is formed. In this 
state, the region 507 is totally removed. In addition, the 
crystalline silicon ?lm 508 is formed to completely overlap 
the ?rst light-shielding ?lm 502. 

Next, as shoWn in FIG. SE, a silicon oxynitride ?lm 509 
is formed by a plasma CVD method in Which SiH4 and N20 
are used as source materials. Then, channel doping is 
performed by introducing boron under a condition of 60 kV 
and 3.6><10l3 cm“2 to the entirety of the crystalline silicon 
?lm 508. 

Subsequently, as shoWn in FIG. 6A, pattering is per 
formed using photolithography to form an opening 510 
through the silicon oxynitride ?lm 503, the silicon oxide ?lm 
504, and the silicon oxynitride ?lm 509 so as to reach the 
light-shielding ?lm 502. The opening 510 is not formed for 
the crystalline silicon ?lm 508. Then, the silicon oxynitride 
?lm 509 is patterned using photolithography, and an island 
like gate insulation ?lm 511 is thereby formed. 

Next, as shoWn in FIG. 6B, an island-like silicon oxide 
?lm 512 is formed on the surface of the crystalline silicon 
?lm 508. The silicon oxide ?lm 512 is formed by the method 










